I
nflammatory bowel diseases (IBD) are chronic, immunemediated diseases of the gastrointestinal system that affect as many as 1 million Americans. 1 IBD prevalence in those younger than 20 years is 43 Crohn's disease cases and 28 ulcerative colitis cases per 100,000 in the United States. 2 Symptoms of IBD such as diarrhea, loss of appetite, poor growth, fatigue, and abdominal pain can interfere with everyday life and pose challenges for optimal physical and psychosocial adjustment. 3 Although disease-management responsibilities vary somewhat depending on the nature of the disease, they typically include medications to induce and maintain disease remission, dietary modifications to reduce discomfort during disease flares, and ongoing medical surveillance to monitor disease status.
Beyond daily disease-management tasks, adolescents and young adults (AYAs) with IBD must acquire additional skills (e.g., disease-management tasks and ability to navigate health care systems) to successfully transition from pediatric to adult care. The acquisition of such skills is essential because better diseasemanagement skills are associated with improved health outcomes and increased success with transition to adult health care in other pediatric conditions. [4] [5] [6] Transition is defined as "a purposeful, planned process that addresses the medical, psychosocial and educational/vocational needs of AYA with chronic physical and medical conditions as they move from child-centered to adult-oriented healthcare systems." 7 Established guidelines for successful transition of AYAs with IBD note the importance of consistent follow through with condition management tasks, effective patient-provider communication, and adequate disease knowledge. [8] [9] [10] [11] [12] Disease knowledge is also a core component of health literacy, or the extent to which patients are able to obtain and understand basic health information and resources to make appropriate health care decisions 13 Domains of disease knowledge recognized as especially relevant for transition success include knowledge of their medical history (e.g., IBD type and age of diagnosis), treatment regimen instructions, and impact of drugs and alcohol on IBD. 11, 12 However, the few studies examining disease knowledge document deficiencies in AYAs' knowledge. 12 In addition, research on modifiable factors that are associated with higher levels of knowledge is limited. Therefore, attention to disease knowledge as a component of transition readiness is important for several reasons. First, enhancing transition readiness skills, including disease knowledge, has the potential to reduce gaps in continuity of care that occur because of unpreparedness for transition. These care interruptions can place AYAs at risk for poorer health-related outcomes, including higher levels of nonadherence, greater risk of disease relapse, and poorer overall health. [14] [15] [16] [17] [18] In addition, a small body of research suggests that higher levels of disease knowledge may be associated with more optimal psychosocial outcomes such as enhanced coping skills among individuals with IBD. 19 Thus, increasing disease knowledge has the potential to improve both physical and mental health outcomes during the transition from pediatric to adult care.
Drawing from the broader literature on transition readiness in IBD, demographic factors such as older age 20, 21 have been associated with higher transition readiness, as have certain patient or family factors. 22 In addition, patient's lack of responsibility for their own care, low motivation and goals related to disease selfmanagement, and patient-provider communication difficulties have been cited as potential barriers to successful transition or self-management. [22] [23] [24] [25] However, few studies have investigated the additive role of individual, family, and patient-provider relationship factors on transition readiness. Investigating their cumulative role in influencing transition readiness has particular value for real-world application of interventions, because individual factors do not operate in isolation.
The aims of this study were twofold. First, the study was designed to describe disease knowledge of AYAs with IBD using a novel measure developed for this study which focused on knowledge domains known to be important for successful transition. Second, we aimed to examine the additive role of select patient, family, and patient-provider relationship factors in explaining variance in disease knowledge. We hypothesized that the following factors would each be associated with higher levels of disease knowledge: older age, higher IBD management selfefficacy, parenting behaviors that promoted AYA autonomy development, higher health care satisfaction, and more extensive patient-provider transition-related communication.
MATERIALS AND METHODS

Research Design
This study was a descriptive cross-sectional study examining factors associated with transition readiness in AYAs with IBD being treated at outpatient pediatric IBD clinics at 3 Midwestern children's hospitals.
Participants
Participants were recruited based on the following inclusion criteria: (1) confirmed IBD diagnosis for at least 1 year; (2) age 16 to 22 at the time of study enrollment; and (3) parent or legal guardian willing to also participate in the study. AYAs with significant parent-reported communication or cognitive impairment were excluded, as were those who did not speak English, had a non-English speaking parent, or had any other chronic medical condition requiring daily prescription medication. In addition, for the purposes of the current data analyses, only participants and parents who completed the IBD knowledge measure were included.
Procedure
Eligible participants were contacted in person by a study research assistant while attending a routine outpatient clinic appointment and were provided with information about the study. All participants were being treated by pediatric providers. In one of 3 institutions, a formal transition clinic operated 1 day per week. However, recruitment occurred broadly across clinics and was not limited to the transition clinic alone. In all clinics, AYAs and parents provided written consent or assent in accord with Institutional Review Board policies. Enrolled AYAs and parents completed a one-time questionnaire either in-person immediately after their clinic appointment or at home after the clinic visit. Both paper and electronic survey administration options (through SurveyMonkey, Palo Alto, CA) were presented, and participants completed surveys through their preferred modality. Participants were compensated for their participation with a gift card.
Materials
Participant Demographic Information
Demographic questionnaires were completed by AYAs and their parents. AYAs self-reported on sex, race/ethnicity, and age. Parents provided information on family income level, parent sex, and parent race/ethnicity.
Participant Disease Information
Medical records were reviewed for type of IBD and diagnosis date. Treating physicians also provided a physician global assessment rating of clinical disease activity at the time of study enrollment. Physician global assessment ratings were provided on a 4-point scale where 0 is no symptoms, 1 is mild disease activity, 2 is moderate disease activity, and 3 is severe disease activity. 26 
IBD Self-efficacy
AYAs completed the Inflammatory Bowel Disease SelfEfficacy Scale (IBD-SES), 27 a 29-item measure of self-efficacy in covering several important IBD self-management domains. Responses are rated on a 10-point Likert scale ranging from "not sure at all" to "totally sure." Total scores range from 29 to 290, with higher scores reflecting higher disease-management self-efficacy.
Internal consistency of the total score was high in the current sample (a ¼ 0.97).
Parenting Behaviors
Parents and AYAs each completed the 10-item Psychological Control versus Psychosocial Autonomy Granting subscale of the Child Report of Parenting Behavior Inventory 28,29 as a measure of parental psychological autonomy granting. This scale assesses the extent to which parents demonstrate developmentally appropriate levels of control and offer AYAs appropriate opportunities for independent thinking and behavior. Respondents rated each item on a 3-point scale, allowing for a range of 10 to 30 points, with higher scores reflecting less autonomy granting behaviors. Internal consistencies of the parent and AYA subscales were adequate for the current sample (a ¼ 0.62-0.86).
Health Care Satisfaction
Parents and AYAs each completed The Patient Satisfaction Questionnaire Short Form (PSQ-18), 30 an 18-item measure of patient satisfaction in various domains (e.g., communication, time spent with doctor, and accessibility and convenience of medical care). Respondents completed the scale in reference to their/their child's IBD care team. In this study, the total mean score was used, which ranged from 1 to 5, with higher scores reflecting greater satisfaction. The measure's total score demonstrated high internal consistency for AYAs and parent report in the current sample (as ¼ 0.86-0.93).
Patient-provider Transition-related Communication
AYAs and parents completed a 2-item questionnaire developed for this study assessing time spent discussing transition-related issues with their IBD provider. Item 1 assessed the frequency of communication and item 2 addressed the typical length of transition-related discussions during medical appointments as reported by the patient and parents. A total score for each reporter was computed by multiplying frequency of transitionrelated discussions by the length of transition-related discussion, with higher scores reflecting a greater amount of transition-related communication.
IBD Knowledge
AYAs completed a 12-item questionnaire of their IBD knowledge developed for this study. The questionnaire items were developed based on IBD-specific recommendations about specific domains of knowledge (i.e., medical condition, social considerations, and independence) that have been identified as important for successful transition. 9 Items examined the degree to which AYAs could correctly identify (1) medical history details (3 items: type of IBD, diagnosis date, and basic surgical history); (2) disease-management information (2 items: current medication regimen and refill frequency); (3) information about IBD-related complications (3 items: flare symptoms, consequences of medication nonadherence, and effects of drugs/alcohol on IBD); and (4) health care resources (4 items: provider name, phone number to schedule appointments, insurance provider name, and pharmacy name). Because questionnaires could be completed at home, participants were not precluded from looking up relevant information (i.e., referencing an insurance card or looking up a clinic phone number) to answer certain questions; however, they were also not directly prompted to use such strategies.
AYA responses were used as the primary outcome in this study and select parent responses (on a parallel measure of parent knowledge created for this study) were used in determining the correctness of AYA responses, as detailed below. Each correct response was awarded 1 point for a total possible score ranging from 0 to 12. Nine responses were scored as correct based on a matching response with either the parent report or through chart review (in cases where parent report was missing or discrepancies between parent and youth reports were present). This approach was used for scoring of the following items: (1) type of IBD; (2) diagnosis year; (3) IBD-related surgeries; (4) medication names; (5) medication dosages; (6) pharmacy used to refill medications; (7) required frequency of medication refills; (8) physician name; and (9) name of insurance provider. For the remaining 3 items (i.e., what will happen if medication were to be discontinued, identify the effects of drugs or alcohol on IBD, and name signs or symptoms suggesting you may be having a flare-up), determinations of correctness were based on whether or not the response conveyed factually accurate information. The total knowledge score was used in the present analyses. Higher scores indicated higher levels of disease knowledge.
Two members of the study team, the first author and an undergraduate research assistant, were involved in determining the correctness of AYA responses. A structured coding scheme was used, as described above, and both team members were trained on use of the coding scheme. The first author coded each response for all participants based on the approach described above. A random sample of 25% of all responses was coded by the second team member to evaluate rater agreement and to establish reliability of the coding system. Rater agreement based on the initial review was 90%. After discussion to resolve discrepancies, agreement improved to 100%.
Analytic Plan
All analyses were conducted using IBM SPSS Statistics v. 20. Descriptive analyses were conducted to ascertain whether assumptions underlying parametric analyses were met. Data transformations were used as necessary to address any nonnormal distributions. The following data transformations were used to successfully improve distributional shapes: (1) AYA and parent reports of parent psychological autonomy granting subscale score underwent log 10 transformations; and (2) AYA and parentreported transition-related communication total score, AYA selfefficacy total score, and AYA patient satisfaction total score each underwent square root transformations. In addition, descriptive analyses provided summary information about participant demographic and disease characteristics. To evaluate Aim 1, descriptive statistics were computed for the IBD knowledge measure. Itemlevel analyses examined the proportion of the sample with correct responses to each item. To evaluate Aim 2, we first conducted bivariate correlations to look at associations between each independent variable and IBD knowledge scores. Second, we conducted multiple regression analyses with forward entry to determine the combination of independent variables that accounted for the largest proportion of variance in IBD knowledge.
ETHICAL CONSIDERATIONS
Approval for the study was obtained from the institutional review boards of participating sites before the initiation of any study procedures. Participants ages 18 and older, as well as all parents who chose to participate, provided written consent. Participants ages 17 and younger were asked to provide written assent, and parents provided written consent for their minor child's participation.
RESULTS
Preliminary Analyses
Seventy-five AYAs and their parents participated in this study. Demographic information is provided in Table 1 . Study recruitment occurred at 3 sites. A total of 122 AYA/parent dyads were approached to participate, and of those 106 (87%) consented to participate in the study. Of those who agreed to participate, 14 patients consented but failed to complete any of the study questionnaires. Of the 92 participants who completed study questionnaires, 17 participants had a substantial amount of missing data which precluded their inclusion in analyses, resulting in an analytic sample of 75.
Disease Knowledge
IBD knowledge scores ranged from 3 to 12, with a mean of 8.20 (SD ¼ 1.75). Forty-three percent (n ¼ 33) of AYAs answered between 9 and 12 responses correctly, and an additional 51% (n ¼ 39) of AYAs answered between 6 and 8 questions correctly. Nearly all AYAs correctly identified the type of IBD with which they were diagnosed (n ¼ 74; 97%) and the number and type of IBD-related surgeries they had undergone (n ¼ 72; 96%). Of note, however, only 11 (14%) had undergone any IBDrelated surgeries. In addition, approximately 88% of participants (n ¼ 66) could name their current IBD physician. In contrast, areas in which AYAs displayed lower levels of knowledge included (1) knowing how often medications are to be refilled (n ¼ 39; 52%); (2) the effects of drugs and alcohol on their IBD (n ¼ 17; 22%); and (3) the phone number to call to schedule an appointment with their IBD provider (n ¼ 14; 19%). Finally, the fact that 17% of AYAs could not correctly identify their IBD medications is clinically a salient issue. See Table 2 for additional details about the proportion of the sample with a correct response for a given question.
Qualitative analysis of the content of open-ended responses yielded several noteworthy observations. First, most participants recognized that a primary negative outcome of discontinuing medication use would be either a disease flare or development of a symptom that may be associated with a disease flare (e.g., pain, more frequent bowel movements, fatigue, or weight loss). Examples of such responses included "I might get sick again" and "I would most likely start having regular flare-ups and symptoms such as cramps, blood, diarrhea, and weight loss." Of note, 5 participants (7%) indicated that they did not know what would happen if they stopped taking their medication.
Second, regarding the effects of drugs and alcohol on IBD, participants who gave correct response (n ¼ 17; 23%) tended to report that substance use could make their IBD symptoms worse (e.g., "can cause flare-ups because they can block what your meds are supposed to do for you" or "alcohol will make symptoms worse"). However, 33 participants (43%) reported that they did not know the effects of drugs or alcohol on IBD, and 6 participants (8%) indicated that these substances have no effect on their symptoms.
Third, knowledge of signs and symptoms of a disease flare was suboptimal in many participants. Specifically, only 64% of participants (n ¼ 48) provided 2 or more specific symptoms of a disease flare. Of those who gave incorrect responses, some cited only one symptom of a flare, whereas others provided very general, nonspecific responses (e.g., "My stomach starts to hurt and my body starts to wear down," "It would feel like a flare up," or "stomach ache").
Factors Associated with Disease Knowledge
Bivariate correlations were conducted to examine associations of each independent variable with IBD knowledge (Table 3) . Older AYA age, higher AYA disease-management self-efficacy, greater AYA-perceived parent autonomy granting, more frequent parent-reported transition-related communication with medical provider, and higher AYA health care satisfaction were each associated with higher IBD knowledge. In contrast, disease duration, parent-reported autonomy granting, AYA-reported frequency of transition-related communication with medical provider, and parent-reported satisfaction with AYA health care were not significantly related to AYA knowledge.
Regression analyses were also conducted to examine the combined influence of independent variables on IBD knowledge (Table 4) . Because age was positively correlated with IBD knowledge scores, it was included as a covariate in step 1 of the regression analysis. After controlling for age, AYA-reported health care satisfaction accounted for the largest amount of unique variance in IBD knowledge scores higher levels of knowledge. Such research is a critical first step in providing an evidence-base for identifying AYAs at risk for low levels of IBD knowledge and thus, those who may benefit from targeted interventions to enhance this core component of transition readiness and to improve their health literacy. In this study, less than half of the sample answered 75% of questions correctly, and only 3% answered all 12 questions correctly. One area in which knowledge was particularly low included questions related to health care resources (e.g., number to call to make an appointment). It is possible that knowledge in this domain was relatively low because AYAs may rely more heavily on cell phones and the internet to gather this information rather than simply recall from memory. However, participants were not precluded from using such resources while completing questionnaires, and our scoring strategy allowed for participants to receive credit if they provided a correct general number for the clinic or hospital (i.e., they were not required to list a specific nurse or clinic number). Moreover, gaps in this domain of disease knowledge are consistent with findings from several other studies. For instance, a study using the MyHealth Passport for IBD showed that adolescent patients correctly answered questions regarding medical history details and diseasemanagement information (e.g., type of IBD and date of last colonoscopy) but were less likely to accurately identify health care resources (e.g., pharmacy name and location and insurance company). 31 Gaps in knowledge of health care resources may contribute to poor transition to adult health care because patients are expected to function more autonomously in the adult health care setting. 32 Gaps were seen with respect to knowledge of key diseaserelated issues such as symptoms of a disease flare (36% incorrectly responded) or adverse outcomes associated with discontinuing medication (13% incorrectly responded). Such knowledge gaps are concerning because lack of knowledge of risks in discontinuing medication may increase the likelihood of relapse in disease activity. Similarly, without knowing symptoms of a disease flare, AYAs may be less likely to seek medical care in a timely manner, which could also contribute to a worsening health status. Other studies using the Crohn's and Colitis Knowledge Score have shown similar deficits in knowledge of complications of IBD, such as risk of bowel cancer, fertility issues, and treatment-related complications in samples of adults with IBD. 33, 34 In addition, although most participants were able to list their IBD medications, 17% of patients could not list all of their IBD medications. This is particularly concerning because for many individuals with IBD, medication management is the primary medical intervention to maintain disease remission, and knowing which medicines to take is a necessary condition for treatment adherence. Overall, older AYAs demonstrated greater disease knowledge, a finding consistent with recent literature examining transition readiness in IBD. 35 This finding adds support to the value of waiting to transition AYAs to adult care until they are older to allow for more time to develop a necessary knowledge base. Beyond age, 3 additional modifiable factors were associated with higher disease knowledge: AYA-reported health care satisfaction, AYA self-efficacy, and parent-reported transition-related communication. Several notes about these findings are warranted. First, the association between AYA health care satisfaction and higher knowledge is consistent with the broader literature documenting that satisfaction with medical care is important in [35] [36] [37] Similarly, it is possible that positive health care experiences also promote AYAs' willingness to learn more about their illness. Interestingly, our study found that only AYA health care satisfaction was significantly associated with increases in disease knowledge and parent health care satisfaction with AYA health care was not. It is possible that as older individuals become more involved in their medical care, their personal experiences with health care providers also become more salient and important. Similarly, transition-related communication was also associated with disease knowledge. Logically, it is reasonable to expect that increased transition-related communication could lead to increased discussions about the illness, management, and health care resources relevant for medical care. Of note, only parent report of transitionrelated communication was significantly associated with knowledge. We suspect that because parents are still quite involved in AYA care, increased communication during visits may prompt parents to engage AYAs in discussions related to IBD outside the appointment, which in turn improves AYA knowledge. Last, selfefficacy was also significantly associated with increased knowledge, a finding consistent with the broader literature showing that selfefficacy is associated with health promotion behaviors. 38 Despite providing valuable information about correlates of disease knowledge, this study has several limitations that should be acknowledged. First, the limited diversity of the sample may have implications for the generalizability of findings to the full population of AYAs with IBD. Inclusion of more diverse participants (e.g., wider range in socioeconomic status, more variability in disease activity, and greater ethnic diversity) in future research would allow us to gain a fuller understanding of how AYA, parent, and patient-provider relationship factors impact disease knowledge across the full population of AYAs with IBD. Second, all participants were recruited during outpatient pediatric gastroenterology or infusion clinic visits. The subset of AYAs who do not regularly attend outpatient appointments may be at greater risk for poor condition management, a finding that has been documented in other patient populations. [39] [40] [41] [42] [43] More creative approaches to recruitment which allow for inclusion of this subset of patients would enhance generalizability of future research. Third, the cross-sectional nature of the study precludes conclusions about causality. A longitudinal follow-up study is needed to evaluate how disease knowledge changes over time and how salient predictors in this study influence changes in knowledge over time. Fourth, some follow-up is warranted to better understand whether perceived knowledge deficits in this investigation were a function of the way in which questions were phrased or the questionnaire method of knowledge assessment. For example, in response to the question related to how often medication is supposed to be refilled, several participants reported "when they run out." Although this response was deemed too general to be given a "correct" designation, had the question been worded differently or an interview format used, it is possible that AYAs may have been able to provide a more detailed and correct answer. In a related point, we relied on comparison with parent responses to determine correctness of the AYAs' response. When discrepancies existed, we confirmed the correctness of the parent response against the medical record. However, we cannot rule out the possibility that both parents and youth gave incorrect answers on certain questions. Thus, future research which compares AYA responses to medical record data would help bolster confidence in the current findings. Finally, future longitudinal work to examine the role of disease knowledge in predicting success in transition to adult care is needed.
The study findings have important clinical implications that should be considered when working with transition-aged AYAs and their families. First, findings suggest that the disease knowledge of AYAs with IBD is suboptimal in several areas including disease management, IBD-related complications, and health care resources. Thus, health care teams working with AYAs with IBD would benefit from more in-depth assessment of AYAs' knowledge during IBD clinic visits (e.g., asking where and how often are medications refilled, when was the last flare and what were the symptoms, etc.) with targeted problem solving to encourage families to address any areas of knowledge deficiency. In addition, increasing involvement of AYAs in clinic visits will aid in improving knowledge in some of these domains. For instance, the provider could offer follow-up appointment reminder cards, which may include clinic contact information, directly to the patient, rather than the parent or could encourage the use of a smart phone app that would allow for easy storage of this information. Second, the findings highlighted several modifiable factors that significantly impact transition readiness that would be amenable to intervention. Specifically, within the AYA domain, self-efficacy was significantly associated with disease-related knowledge. Providers working with AYAs should focus on assessing and fostering AYA self-efficacy related to their condition management by encouraging age-appropriate involvement in illness-management tasks with parental supervision. Similarly, health care satisfaction was strongly associated with IBD-related knowledge. Thus, attention to enhancing satisfaction through effective communication would also likely improve AYAs' disease knowledge. Last, within the patient-provider relationship domain, setting aside time to discuss transition and transfer of care during each outpatient appointment to assess AYA health care needs, self-management, and disease knowledge is a critical strategy for enhancing AYAs' disease knowledge. Discussions that involve both parents and AYAs are likely to be most useful in enhancing disease knowledge and promoting greater transition readiness.
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